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Twelve males with fragile-X syndrome between the ages of three and 28 years underwent
assessment ofthyroid function. All 12 subjects demonstrated normal baseline values for thyroid
stimulating hormone (TSH), thyroxine, thyroid binding globulin (TBG), and estimated free
thyroxine (EFT). Relative to a control group reported in the literature, however, the fragile-X
subjects exhibited a blunted TSH response tothyrotropin releasing hormone (TRH). This finding
suggests the presence of subtle dysfunction within the hypothalamic-pituitary-thyroid axis.
Elevated baseline prolactin levels were also observed among the fragile-X subjects. These results
support previous reports of hypothalamic-pituitary abnormalities among fragile-X syndrome
males.
INTRODUCTION
Fragile-X syndrome is an X-linked disorder which rivals Down's syndrome as the
most common genetic cause of mental retardation. The presence of the Xq27 fragile
site has been associated with a characteristic clinical phenotype, which includes a setof
unique facial features and macro-orchidism in males [1]. It has been hypothesized that
the macro-orchidism offragile-X males may result from abnormal thyroid metabolism
[2]. This hypothesis is consistent with the association ofprecocious testicular enlarge-
ment and primary hypothyroidism described among pre-pubertal boys [3-7].
Several investigators have studied the thyroid functioning of fragile-X syndrome
males. The age groups have been diverse, spanning early childhood to middle adult-
hood. A total of53 subjects werereported in eight studies and all demonstrated normal
thyroxine levels [2,8-14]. In addition, 24 of 28 fragile-X males evaluated by four of
these investigators manifested normal, baseline TSH levels [2,9,11,13]. Shapiro et al.,
however, reported that four oftheir ten adult subjects had elevated TSH levels despite
normal T3, T4, and free T4 values [2]. It is of note that two ofthese four men also had
depressed testosterone levels.
The hypothalamic-pituitary regulation of thyroid metabolism has been studied
through the use of TRH stimulation testing. Wilson et al. evaluated 13 two- to
35-year-old fragile-X males and reported that all 13 manifested a significantly blunted
TSH response following a TRH dose of 7 ,ug/kg [13]. Subject data were compared
with normative values reported by Foley et al. [15]. O'Hare et al. found that three of
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TABLE 1
Clinical Data: Fragile-X Syndrome Subjects
Testa
Tanner Volume BSLN Delta BSLN Delta
S CA I.O. Stage (ml) T4b TBCb EFTb TSH TSH PRL PRL
1 3-2 89 1 1.5 9.4 24.7 1.8 2.0 - 15.0
2 5-2 80 1 1.0 8.0 19.6 1.9 2.0 18 7.0 19
3 7-6 67 1 2.25 6.7 18.6 1.7 2.0 21.0
4 11-3 55 2 8.0 7.9 25.8 1.4 1.3 16.5 10 63
5 12-4 45 2 15.0 8.3 23.1 1.7 2.7 7 7.1 12.5
6 15-6 44 3 17.5 7.9 22.9 1.6 3.0 16 14.0 27
7 15-8 42 3 19.5 6.3 22.8 1.3 2.3 15 13.8 65.3
8 16-0 34 4 35 6.1 23.8 1.3 4.5 1 17.3 0.53
9 16-3 38 4 39.0 7.9 24.4 1.5 4.0 22.0
10 18-0 44 5 24.0 9.5 24.8 1.8 3.5 18.1 7.3 52.9
11 25-2 53 5 50.0 5.9 24.1 1.1 2.4 12.5 20.5 19
12 28-2 45 5 38.5 5.8 21.4 1.3 2.0 9 10.0 55
S, subject
CA, chronological age in years and months
Test Volume, mean testicularvolume in ml
BSLN TSH, baseline TSH measurements in gU/ml (mean of several values, which may be slightly
different from the pre-TSH value)
Delta TSH, peak TSH value - pre-TRH value
BSLN PRL, baseline prolactin measurements in ng/ml (mean of several values which may be slightly
different from the pre-PRL value)
Delta PRL, peak PRLvalue - pre-PRL value
aNormative Data (tenth to ninetieth percentiles) adapted from [17,20]
Tanner Stage Tenth Percentile Ninetieth Percentile
Prepubertal (<11 years) 1 2
Stage 2 3 13
Stage 3 5 17
Stage 4 7 19
Stage 5 12 23
bNormative Values
T4: 4.6-9.2,ug/dl TBC: 16.8-25.7 Ag/dl EFT: 1.0-2.1 ng/dl
five fragile-X adults demonstrated virtually no response to parenterally administered
TRH [14]. The details ofthe procedure were not reported, however.
These findings suggest that, although fragile-X syndrome males appear to be
clinically euthyroid, subtle abnormalities within the hypothalamic-pituitary-thyroid
axis may be present.
SUBJECTS AND METHODS
Twelve males with fragile-X syndrome between the ages of three and 28 years
participated in the study. All subjects were residing in either family or group homes.
Cytogenetic assessments were conducted as described by Lubs et al., and involved the
examination ofa minimum 50 lymphocytes cultured in medium 199 with 2 percent calf
serum [16]. Each subject received thorough physical and psychological assessments.
Clinical data are presented in Table 1. The degree of intellectual impairment experi-
enced by the subjects ranged from mild to moderate levels of mental retardation, as
assessed by performance on the Stanford-Binet. All subjects were in good physical
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health and free from general medical or neurological disease. Three subjects were
pre-pubertal (Tanner stage 1) and nine were pubertal (Tanner stages 2 through 5).
Testicular volume measurements were made using a Prader orchidometer [17] or by
direct measurement, using the equation for ellipsoids, ir/6 x length x (width)2
[18,19]. Macro-orchidism was present in eight ofthe nine pubertal subjects and in one
ofthe three pre-pubertal subjects, based on available norms [17,20].
Baseline assessments of thyroid status were conducted during outpatient visits and
TRH stimulation tests during brief inpatient hospitalizations on the Children's or the
Adult Clinical Research Center of Yale-New Haven Hospital. Baseline laboratory
studies were obtained for all 12 subjects and included measurement of serum thyrox-
ine, thyroxine binding globulin (TBG), and estimated free thyroxine (EFT), as
described by Seligson and Seligson [21,22]. In addition, baseline values also were
obtained for TSH-modification of the method of Odell et al. [23] and for prolactin
(PRL)-modification ofthe method ofSinha et al. [24].
Hypothalamic-pituitary-thyroid axis functioning was assessed in nine subjects,
utilizing the TRH stimulation test. Following baseline determinations, 7 ,ug/kg of
purified TRH was administered intravenously. Serial serum specimens for TSH and
prolactin were collected at baseline, 30 minutes, 60 minutes, 90 minutes, and 120
minutes, in order to identify the highest (peak) value. The standard procedure for
assessing pituitary responsiveness was followed, namely, the calculation of the maxi-
mum change (delta) in serum TSH following TRH administration (peak TSH
value - pre-TRH value) [25]. Statistical analyses wereemployed for the evaluation of
differences between the fragile-X subjects and 20 control subjects reported by Foley et
al. [15]. The Foley et al. study and the present one employed the sameprocedure, using
assay techniques developed during the same period of time. The Foley et al. report
included data on individual subjects and was used for comparison with fragile-X
subjects by Wilson et al. [13]. T-tests were used for the comparison of baseline TSH
and PRL measures, as well as of delta TSH values determined from the TRH
stimulation test.
RESULTS
Thyroid Function
All 12 subjects demonstrated T4, TBG, and EFT values which were within the
normal range (refer to Table 1). Negative correlations were observed between age and
both serum T4and EFT levels (r = -0.57 and -0.74, respectively). Theseontogenetic
changes are similar to those which occur within the normal population [26,27].
Clinical examination of the subjects also was consistent with the presence of a
euthyroid state.
Pituitary Functioning-Tonic State
Tonic pituitary functioning relevant to thyroid status may be inferred from an
examination of baseline TSH and PRL levels. All subjects demonstrated TSH levels
within the normal range, as reported by our laboratory. When compared with 20
normal children and adolescents studied by Foley et al., however, our fragile-X group
exhibited significantly higher baseline levels of prolactin (t = 3.71, p < 0.001) [15].
This result contrasts with baseline TSH levels which wereequivalent for the two groups
(t = 1.23, p = 0.23). Tonic pituitary functioning was equivalent across the ages and
Tanner stages represented in the present sample.
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Hypothalamic-Pituitary Axis Functioning
The overallpattern ofthe pituitary response to TRH stimulation was normal, with a
relatively rapid rise ofboth TSH and PRL to peakvalues by 30 minutes and a return to
pre-TRH values by 120 minutes following TRH administration (Fig. 1) [28,29]. In
addition, the magnitude of both the TSH and PRL response remained essentially
constant across the age range of our sample and that of Foley et al. (r = -0.29 and
-0.1 1, respectively), consistent with findings for the general child and adult popula-
tion [25,28,29].
There were no significant group differences with regard to the PRL response (delta
PRL) (t = 0.38;, DF = 26, p = 0.70). The fragile-X group, however, exhibited a
significantly lower TSH response (delta TSH) than that demonstrated by the normal
controls reported by Foley et al. (t = -2.39, DF = 27,p = 0.02). Within our sample,
there was a tendency for the TSH response to correlate negatively with testicular
volume (r= -0.49).
DISCUSSION
The present study examined hypothalamic-pituitary-thyroid function within a sam-
ple of fragile-X subjects representative of the developmental spectrum. Our fragile-X
subjects exhibited normal thyroid function, including normal T4, TBG, and EFT
values, as well as a normal, age-related decrement in the magnitude ofT4 and EFT. In
addition, they appeared to exhibit a relatively typical pattern of hypothalamic-
pituitary response; however, hypothalamic-pituitary regulation may be subtly disor-
dered. The fragile-X subjects demonstrated significantly higher baseline PRL values
than the control subjects reported by Foley et al. [15]. No significant groupdifferences
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were observed in the PRL response to TRH stimulation. The fragile-X subjects did,
however, exhibit decreased TSHresponsiveness to TRH, suggesting dysfunction at the
pituitary level under conditions ofmaximal stimulation.
Beforediscussing possibleinterpretations ofthesefindings, comment should be made
regarding the use ofliterature controls. Because ofthe potential for several additional
sources of experimental variance associated with the use of literature control data
(differences in procedures, assays, and the like), findings should be interpreted
cautiously and regarded as preliminary. The present study was designed to identify
potential abnormalities in the central regulation of thyroid functioning among frag-
ile-X subjects warranting more intensive study (including the addition of a more
traditional control group). The Foley et al. study was chosen for comparison with our
data because it employed the same procedure (administration of 7 mcg/kg of TRH
with similar time measurements for TSH), used a radioimmunoassay developed during
the same timeperiod as thatused in ourstudy (late 1960s toearly 1970s), and had been
used for comparison with fragile-X subjects in a previous study [13]. Although assay
differences may be present for the two studies, it is likely that they are relatively small
(there were nosignificantgroupdifferencesinbaselineTSHvalues: t = 1.23, DF = 27,
p = 0.23). It is of note that recent reviews of thyroid function reference studies from
that same era for discussions of normative values (including the Foley et al. study),
reflecting the time period during which the bulk of such studies were performed
[25,28,29].
In considering the findings of the present study, several explanations regarding
pathophysiology are possible. Hypothyroidism secondary to pituitary insufficiency has
been associated with a subnormal TSH response to TRH [30]. In the syndrome of
isolated TSH deficiency, for example, TRH stimulation results in a blunted TSH
response yet a normal PRL response [31]. Furthermore, the hypothyroid state, itself,
has been noted to result in hyperprolactinemia [32,33]. The subjects in the present
study, however, demonstrated normal thyroid indices, making such an explanation of
the findings unlikely. Thyrotoxicosis is, perhaps, the most frequent cause of a subnor-
mal TSH response to TRH [31]. Signs, symptoms, and laboratory studiessuggestiveof
hyperthyroidism were, however, lacking in the subjects under investigation.
Arnetz et al. have reported that theTRH-stimulated PRL responsedecreasesduring
the sixth decade (although the TSH response remains stable) [32]. Foley et al. found
no age-related changes in either the TSH or the PRL response within an age range of
four to 13 years [15]. Similar findings wereobtained for thefragile-X subjects, three to
28 years of age. Therefore, the group differences in the TSH response noted in the
present study cannot be ascribed to the older age ofthe fragile-X subjects.
The findings of this study include a tendency for subjects with greater degrees of
macro-orchidism to exhibit lower pituitary reserve (i.e., a decreased TSH response to
TRH stimulation). This observation is quite interesting, given the association between
hypothyroidismand premature testicular enlargement in pre-pubertal boys [3-7]. The
majority of the 17 macro-orchid boys reported in these studies had primary hypothy-
roidism (with secondary elevations ofserum TSH and gonadotropins).
The results of the present study suggest that subtle abnormalities may exist within
the hypothalamic-pituitary axis of fragile-X syndrome males, leading to elevated
baseline PRL levels and subnormal pituitary TSH reserve. Should these findings be
confirmed by future studies which include more suitable controls, a search can begin
for the factors that underlie both the testicular and the thyroid abnormalities (presum-
297298 BREGMAN ET AL.
ably operating at the hypothalamic-pituitary level). An hereditary form ofcongenital
hypothyroidism has been linked to the short arm of chromosome 8. It would be most
interesting, although premature, to speculate that a similar thyroid abnormality may
result from aberrant geneticexpression either within thefragile-X siteitselfor within a
closely linked locus. Future research may answer these most interesting questions.
REFERENCES
1. Bregman JD, Dykens E, Watson M, Ort SI, Leckman JF: Fragile-X syndrome: Variability of
phenotypic expression. J Amer Acad Child Adolesc Psychiat 26:463-471, 1987
2. Shapiro LR, Hasen J, Gordon G, Southren AL, Wilmont PL, Brenholz P: Testicular insufficiency and
disordered thyroid metabolism in the fragile-X chromosome syndrome. Am J Hum Genet 34:1 1OA,
1982
3. Franks RC, Stempfel RS: Juvenile hypothyroidism and precocious testicular maturation. J Clin
Endocrinol Metab 23:805-810, 1963
4. Laron Z, Karp M, Dolberg L: Juvenile hypothyroidism with testicular enlargement. Acta Paediat Scand
59:317-322,1970
5. Barnes ND, Hayles AB, Ryan RJ: Sexual maturation in juvenile hypothyroidism. Mayo Clin Proc
48:849-856, 1973
6. Hayek A, Maloof F, Crawford JD: Thyrotropin behavior in thyroid disorders ofchildhood. Pediat Res
7:28-38, 1973
7. Hopwood NJ, Lockhart LH, Bryan GT: Acquired hypothyroidism with muscular hypertrophy and
precocious testicular enlargement. J Pediat 85:233-236, 1974
8. Ruvalcaba RHA, Myhre SA, Roosen-Runge EC, Beckwith JB: X-linked mental deficiency megalotes-
tes syndrome. JAMA 238:1646-1650, 1977
9. Brondum-Nielson K, Tommerup N, Dyggve HV, Schoa C: Macroorchidism and fragile X in mentally
retarded males: Clinical, cytogenetic, and some hormonal investigations in mentally retarded males
including the fragile site at Xq28, fra(X) (q28). Hum Genet 61:113-117, 1982
10. McDermott A, Walters R, Howell RT, Gardner A: Fragile-X chromosome: Clinical and cytogenetic
studies on cases from seven families. J Med Genet 20:169-178, 1983
11. Pueschel SM, Hays RM, Mendoza T: Familial X-linked mental retardation syndrome associated with
minor congenital anomalies, macroorchidism, and fragile-X chromosome. Am J Ment Def87:372-376,
1983
12. Renier WO, Smeets DFCM, Scheres JMJC, Hustinx TWJ, Hulsmans CFC, Ophey CPMO, Bomers
AJAM, Gambreels FJM: The Martin-Bell syndrome: A psychological, logopaedic, and cytogenetic
study oftwo affected brothers. J Ment DefRes 27:51-59, 1983
13. Wilson DP, Carpenter NJ, Berkovitz GP, Brown TR, Migeon CJ: Thyroid function in fragile X-linked
mental retardation. Am J Hum Genet 35:122A, 1983
14. O'Hare JP, O'Brian IAD, Arendt J, Astley P, Ratcliffe W, Andrews H, Walters R, Corrall RJM: Does
melatonin deficiency cause the enlarged genitalia of the fragile-X syndrome? Clin Endocrinol 24:327-
333, 1986
15. Foley TP, Jacobs LS, Hoffman W, Daughaday WH, Blizzard RM: Human prolactin and thyrotopin
concentrations in theserumsofnormal andhypopituitary children beforeand after theadministration of
synthetic thyrotropin-releasing hormone. J Clin Invest 51:2143-2150, 1972
16. Lubs H, Watson M, Breg WR, Lujan E: Restudy of the original marker X family. Am J Med Genet
17:133-134, 1984
17. Prader A: Testicular size: Assessment and clinical importance. Triangle 7:240-243, 1966
18. Cantu JM, Scaglia HE, Medina M, Gonzalez-Diddi M, Morato T, Moreno ME, Perez-Palacios G:
Inherited congenital normofunctional testicular hyperplasia and mental deficiency. Hum Genet 33:23-
33, 1976
19. Meryash DL, Cronk CE, Sachs B, Gerald PS: An anthropometric study of males with the fragile-X
syndrome. Am J Med Genet 17:159-174, 1984
20. Zachmann M, Prader A, Kind HP, Hafliger H, Budliger H: Testicular volume during adolescence:
Cross-sectional and longitudinal studies. Helv Paediat Acta 29:61-72, 1974
21. Seligson H, Seligson D: Measurement of thyroxine by competitive protein binding. Clinica Chimica
Acta 38:199-205, 1972THYROID FUNCTION IN FRAGILE-X SYNDROME MALES 299
22. Seligson H, Seligson D: Measurement of thyroxine binding capacity. Clinica Chimica Acta 89:47-58,
1978
23. Odell WD, Wilber JM, Paul WE: Radioimmunoassay of the thyrotropin in human serum. J Clin
Endocrinol 25:1179-1188, 1965
24. Sinha YN, Selby FW, Lewis UJ, Vanderlaan WP: A homologous radioimmunoassay for human
prolactin. J Clin Endocrinol Metab 36:509-516,1973
25. De Luca F, De Francesco F, Pandullo E, Mami C, Melluso R, Benvenga S, De Luca F, Trimarchi F:
Changes in thyroid economy during infancy and childhood. In Recent Progress in Pediatric Endocrinol-
ogy. Edited by G Chiumello, M Sperling. New York, Raven Press, 1983, pp 165-170
26. Fisher DA: Advances in the laboratory diagnosis ofthyroid disease. I. J Pediat 82:1-9, 1973
27. Chopra IJ: A radioimmunoassay for measurement of3,3',5'-triiodothyronine (reverse T3). J Clin Invest
54:583-592, 1974
28. Walfish PG, Tseng KH: Thyroid physiology and pathology. In Pediatric Endocrinology. Edited by R
Collu, JR Ducharme, HJ Guyda. New York, Raven Press, 1989, pp 367-448
29. Fisher DA, Vanderschueren-Lodeweyckx M: Laboratory tests for thyroid diagnosis in infants and
children. In Pediatric and Adolescent Endocrinology. Edited by Z Laron. Basel, Karger, 1985, pp
127-142
30. Anderson MS, Bowers CY, Kastin AJ, Schalch DS, Schally AV, Snyder PJ, Utiger RD, Wilber JF,
Wise AJ: Synthetic thyrotropin-releasing hormone. A potent stimulatorofthyrotropin secretion in man.
N Engl J Med 285:1279-1283, 1971
31. Ingbar SH: The thyroid gland. In Williams Textbook of Endocrinology. Edited by JD Wilson, DW
Foster. Philadelphia, WB Saunders Company, 1985, pp 682-815
32. Daughady WH: The anterior pituitary. In Williams Textbook of Endocrinology. Edited by JD Wilson,
DW Foster. Philadelphia, WB Saunders Company, 1985, pp 568-613
33. Reichlin S: Neuroendocrinology. In Williams Textbook of Endocrinology. Edited by JD Wilson, DW
Foster. Philadelphia, WB Saunders Company, 1985, pp 492-567
34. Arnetz BB, Lahnborg G, Eneroth P: Age-related differences in the pituitary prolactin response to
thyrotropin-releasing hormone. Life Sci 39:135-139, 1986